A devastating flood disaster occurred at Kuala Krai, Kelantan on December 2014. The flood disaster had given a significant destructive impact on the infrastructure and as a result, almost 1,600 homes were lost or destroyed. This extreme flood event killed 25 villages and forced 45,467 people in Kuala Krai, Kelantan to be evacuated from their homes. Continuous heavy rain for over three days from the 21 st to the 23 rd of December, 2014 was set a rainfall record of 1,295 mm, equivalent to the amount of rain usually seen in a span of 64 days. As a result, the water levels of three major rivers, the Sungai Galas in Dabong, the Sungai Lebir in Tualang and the Sungai Kelantan in Jambatan Gueillemard, rose above the dangerous water levels. It is essential to estimate the extent of flood inundation. The objective of this study is to simulate flood event in December 2014 by using HEC-HMS. The results show the peak discharges and inundations occurred approximately on the 25 th December 2014; 18,575.7 m 3 /s to be almost similar magnitude as reported by DID 2014 Flood Report. These findings led to the conclusion that the HEC-HMS model is useful as a flood analysis tool.
INTRODUCTION
Malaysian witnessed an extraordinary natural phenomenon in December 2014. A massive flood is known as the yellow flood (Bah Kuning) that inundated much of Kelantan on December 23 th , 2014 (Bernama, 2015) . Almost 80% of the building in Kuala Krai was drowned by floods in December 2014. In 2014, two extreme precipitation events were hit the Sungai Kelantan catchment between 15 th and 21 st December 2014 with daily rainfall between 100-300 mm while on 22 nd and 24 th December 2014 the daily rainfall up to 500 mm. The consequent of these extreme rainfall events, a prolong and extreme flooding occurred during these periods that cause 25 deaths and around RM2.81 billion losses (Yusop, 2015) Sungai Kelantan contains the confluence of two major rivers there are Sungai Lebir and Sungai Galas. There are six sub-catchments in Sungai Kelantan namely Galas, Nenggiri, Pergau, Guillemard Bridge, Kuala Krai and Lebir. The length of Sungai Kelantan is about 248 km long starts at Banjaran Titiwangsa and end up in the South China Sea (Romali, et al. 2018) . It inundates an area of 13,088 km 2 and occupies more than 88% of the State of Kelantan (Yusop, 2015) . It flows 70 km northward trough one of most densely populated floodplains near the State Capital of Kota Bharu. Figure 1 shows the area of the study within the boundaries of this study are +6º13ʹ30ʺ, +4º31ʹ0ʺ, +101º17ʹ30ʺ and +102º42ʹ0ʺ. Also, the entire catchment contains large areas of tropical forested mountains, lowland forest, and limestone hills.
A devastating flood disaster occurred in Kuala Krai, Kelantan in December 2014. The flood event showed a significant flood when river banks burst and caused prolong local inundation. Based on the DID report 2014, Gagau rainfall station was recorded the amount of rainfall received on 10 days duration are almost similar with 50% of annual rainfall. As a result, the total of estimated flood damage to infrastructure and buildings are loss almost RM 56,704,000. In order to minimize the losses around Kuala Krai area, it is important to know how large the impact of the disaster. Thus, this study aims to determine the discharge in Kelantan catchment due to flood event in December 2014. Hydrological data which includes daily rainfall data from 21 rainfall stations in Kelantan catchment area that provided from DID Malaysia.
Catchment Area
The sub-catchment in this study are divided into three major catchments. The upstream of the basin is Lebir and Galas sub-catchments while in the downstream of the catchment is Sungai Kelantan sub-catchment. Figure 2 shows the sub-catchment in Kelantan and its rainfall stations in the catchment. The total area of the Kelantan's catchment is around 13,088 km 2 . While Galas sub-catchment around 7,917 km 2 and Lebir subcatchment area around 3,296 km 2 .
Rainfall Analysis
The rainfall analysis is conducted based on the secondary data that provided from Department of Irrigation and Drainage Malaysia. There are 21 rainfall stations used and the rainfall station is divided by 3 based on the sub-catchment. The mean rainfall in December 2014 in Kelantan is analyzed by the Thiessen Polygon method. The result of the mean rainfall based on the 3 sub-catchment was used as an input data in HEC-HMS. One way to identify the flood inundation impact due to heavy rainfall is approached through the hydraulichydrology modeling (Fang, et al., 2016) . The input data needed in HEC-HMS are rainfall data and observed discharge data. Model and method used in this study are shown in Table 1 . Figure 3 shows the layout of the Kelantan catchment needs to be drawn as an input in HEC-HMS. The result from the HEC-HMS is calibrated from the observed data that provided from Department of Irrigation and Drainage Malaysia 
Thiessen Polygon
There is 21 rainfall station located in the catchment. The Thiessen Polygon analysis is analyzed based on three sub-catchments in Kelantan which are Lebir, Galas and Sg Kelantan sub-catchment. The mean hourly rainfall in the sub-catchment is calculated by multiplying it with the weighting coefficient of Thiessen. Table 2 , 3 and 4 show the weight coefficient of Thiessen Polygon based on the 3 sub-catchment area in Kelantan. While, Figure 4 , 5 and 6 shows the result of the mean hourly rainfall as an input into HEC-HMS. 3.2 Simulation Result HEC-HMS was applied to simulate the flood event in Kelantan on December 2014. The HEC-HMS result shows the hydrograph at Jambatan Guillemard has a good agreement compared to the observed data from Department of Irrigation and Drainage Malaysia. Figure 6 shows the comparison hydrograph between HEC-HMS and observed data. The hydrograph shows the two peak wave of flood happened in December 2014. The first flood wave is smaller than the second wave which is 12,622 m 3 /s for the first wave and 18,575 m 3 /s. Table 5 shows the calibration result generate by HEC-HMS. The simulated result shows some slight difference magnitude compares to the observed data because of the recorded data that provided by Department of Irrigation and Drainage Malaysia is use water level gauge recorded. The Department of Irrigation and Drainage Malaysia was used Manning Equation in order to transform the water level to the discharge hydrograph so it might be some error happened during transformation analysis. The second reason is the water level recorded is not the best method/solution in order to get the discharge in the river. This is because at the certain level of water surface it might be inundated so the parameter of the area in Manning Equation is different due to the overflow from the capacity of the river. That is why the volume of the observed data is higher than the simulated result that running HEC-HMS. The last reason is the simulated result was analyze by using hydrology approach only. It is might be different discharge hydrograph if the simulation is running by hydraulic approach such as by using HEC-RAS whether the water level at Jambatan Guillemard is affected by backflow water inundation or not.
CONCLUSIONS
Kelantan suffered from extremely flood which occurred in December 2014. More than 19,544 people were affected by this flood disaster in the Kelantan River basin in Kelantan. HEC-HMS model was applied to simulate rainfall-runoff in Kelantan catchment. The objective here was to discuss whether or not the simulation model could provide useful information for the phenomenon.
The simulation showed good agreement in a maximum flooded area along Kelantan River. There is no doubt that model simulation involves large uncertainty. Therefore, we do not argue that such simulation alone can provide sufficient information for emergency response. Nevertheless, the model simulation performed here can provide additional information to help us to make the best decision for the mitigation in Kelantan catchment. The analysis of this catchment should include the hydraulic approach in order to get the better result for the further studies.
